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Abstract. Pure cultures of Corticium bicolor, Cenococcum graniforme, Rhizopogon 
roseolus, and Suillus cothurnatus were transported to Puerto Rico in a peat moss- 
vermiculite medium. Nonmycorrhizal seedlings of Pinus caribaea were inoculated with 
pure culture or with soil from a pine nursery. Additional non-mycorrhizal seedlings 
were fertilized. In field and nursery plantings, mycorrhizal seedlings grew better than 
nonmycorrhizal seedlings. Fertilizer applications did not offset stunting in nonmycor- 
rhizal seedlings. Nonmycorrhizal roots apparently were not invaded by other organisms. 
Cenococcum graniforme did not colonize pine roots in Puerto Rico. Soil from plantations 
was very effective inoculum. Two nonsporulating fungi were isolated from previously 
established pine mycorrhizae, and one subsequently formed mycorrhizae in axenic 


culture. Forest Sci. 17:239-245. 
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ALTHOUGH ectomycorrhizae have been syn- 
thesized in axenic culture systems by inocu- 
lating seedlings with pure cultures of mycor- 
rhizal fungi, the use of pure culture inoculum 
in soils has had limited trial and success. 
Because ectomycorrhizal species of plants 
are not indigenous to Puerto Rico we 
selected the island as an experimental area 
for inoculation trials. Its use for such ex- 
periments is limited to the time prior to 
dissemination of fungi that have already 
been introduced in soil inoculum. Thus far 
Pinus caribaea Morelet has adapted most 
successfully among pines introduced to 
Puerto Rico. After reviewing efforts to 
introduce ectomycorrhizal fungi into Puerto 
Rico, we present results of our experiments 
on inoculation of P. caribaea. 


Historical Review 


Correspondence at the Institute of Tropical 
Forestry in Rio Piedras documented at- 
tempts to establish pine on the island as 
far back as 1930. G. A. Gearhart wrote, 
in 1935, “I recall when I arrived in Puerto 
Rico in October 1928, that prior to that 
time numerous attempts were made in this 
nursery to propagate the Santo Domingan 
Pine.” No success was recorded except for 


a single tree of Pinus occidentalis planted 
in January 1930 at the Utuado Nursery. In 
June 1932, this tree was 1.09 m tall; in 
September 1945 it was 9.3 m tall and 18.5 
cm in diameter. In 1950, it was destroyed 
for a building site. Gearhart listed the fol- 
lowing species used in attempts to estab- 
lish pine during 1929 and 1930: P. at- 
tenuata, P. canariensis, P. caribaea, P. 
pinaster, P. radiata, and P. torreyana. He 
wrote, “All species germinated splendidly 
and grew 3 to 4 inches in a relatively short 
time, but succumbed after the 4th and 5th 
month.” 

Earl Stone in 1948 suggested superphos- 
phate as a possibility for inducing seed- 
ling growth. Many combinations of super- 
phosphate and other phosphates were 
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applied but the results were total failures. J. 
Gilormini in 1949 suggested transporting 
mycorrhizal inoculum in an “artificial prop- 
agating medium.” 

In June 1955, B. J. Huckenpahler col- 
lected soil samples from under a 25-year- 
old stand of shortleaf pine (Pinus echinata) 
and loblolly pine (P. taeda) near Bent 
Creek, N.C. Two samples of humus and two 
of A, horizon material from beneath each 
species of pine were shipped to Puerto Rico 
and used as inoculum for 1-year-old 
“scrawny” seedlings about 30 cm high at 
Maricao in the western mountains. Thirty- 
two seedlings were inoculated, and 32 held 
as uninoculated controls in randomized 
plots. Four seedlings served as replicates 
for each of the 8 collections of inoculum. 
Two hundred ce of inoculum were incorpo- 
rated into the top 4 cm of soil in an area 
about 15 cm in diameter around the seed- 
ling. The soil around the control plants 
was dug and mixed similarly, but no in- 
oculum was added. By June 1956, roots of 
the inoculated seedlings had developed 
abundant mycorrhizae. Most of the controls 
had died; those that remained lacked 
mycorrhizae. The tallest inoculated seed- 
ling was approximately 1.5 m in height. 
Soil from beneath these trees was used as 
one source of inoculum for pine seedlings 
in nurseries from 1956 to 1959. 

During autumn 1958, barerooted pine 
seedlings of P. elliottii and P. taeda imported 
from Florida were planted at several sites 
on the island to evaluate their adaptability. 
In February 1959, E. Hacskaylo examined 
mycorrhizal development on the introduced 
pines and evaluated the effects of inocula- 
tion trials. Generally, of pines planted at 
10 different locations, those with mycor- 
rhizae had grown far better than those with- 
out them. Subsequently, Hacskaylo sent a 
mixture of duff containing mycorrhizal 
fungi from Beltsville, Md., to Puerto Rico. 
Inoculations with the duff were consistently 
successful (Briscoe 1959). 

Members of the Mycorrhiza Working 
Group of the International Union of Forest 
Research Organizations met in Vienna, 
Austria, in 1961. They discussed a report 
(Hacskaylo 1962) on inoculation trials in 
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Puerto Rico. They decided to hold a field 
meeting on the Island at a later date. A 
special study was designed for the field 
meeting. In December 1963, Hacskaylo 
and J. A. Vozzo shipped pure cultures of 
four mycorrhizal fungi growing in Moser’s 
(1958) peat moss medium to Puerto Rico. 
Spores of three mycorrhizal fungi provided 
by Elias Melin of Uppsala, Sweden, were 
also included. C. B. Briscoe at the Institute 
of Tropical Forestry inoculated seedlings of 
Pinus strobus, P. chiapensis, P. pseudo- 
strobus, and P. caribaea with mycelia and 
spores, and planted them on six sites. Sev- 
eral members of the Working Group 
gathered in Puerto Rico in July 1964. 
Bjorkman (1964) prepared a special re- 
port for the Group and suggested that the 
study be redesigned and repeated. In co- 
operation with the Institute of Tropical 
Forestry, we then embarked upon a 2-year 
study of the effects of inoculation of pines 
with mycorrhizal fungi. Samples were 
brought back to our laboratory at Beltsville 
for detailed study. 

A preliminary summary of a portion 
of these experiments was presented by 
Hacskaylo and Vozzo (1967). 


Experimental Methods 


The inoculation trials were divided into two 
experiments. In the first, seedlings were 
outplanted from the nursery to a field site 
near Humacao, P.R. Heavy seedling losses 
were sustained through vandalism, grazing 
cattle, and deposits of iguana eggs in seed- 
ling holes. Consequently, during the second 
experiment seedlings were retained in the 
nursery at the Institute of Tropical Forestry 
in Rio Piedras. In both experiments pro- 
cedures were similar. 


Preparation of Inoculum. In general, in- 
oculum was prepared by the method of 
Moser (1958) in which sterilized peat 
moss moistened with a nutrient solution 
served as the substrate for culturing mycor- 
rhizal fungi. We modified the procedure 
by mixing the peat moss with vermiculite 
in a 2:1 ratio and moistened the medium 
with a glucose-ammonium tartrate nutrient 
solution (Melin and Das 1954). Polypro- 
pylene cups were filled with the medium, 


covered with lids having a small hole 
plugged with cotton, and autoclaved for 30 
min at 121°C. After autoclaving, the 
medium was pH 3.8. 

The four mycorrhizal fungi selected for 
inoculation trials on the basis of growth, 
hypha color, and known mycorrhizal as- 
sociations were Cenococcum graniforme 
(black), Corticium bicolor (yellow), Rhizo- 
pogon roseolus (white), and Suillus co- 
thurnatus (white). The culture of R. 
roseolus originally came from E. Melin of 
Sweden, and C. bicolor from P. Mikola 
of Finland; others were isolated around 
Beltsville. The fungi were first subcultured 
on Hagem’s agar (Modess 1941), then on 
Hagem’s solution. Thereafter, the mycelial 
mats were macerated by shaking with glass 
beads. Corticium bicolor did not respond 
well to maceration and consequently was 
grown on a glucose-ammonium chloride 
(Hagem’s) agar in Petri dishes until the 
colonies nearly filled the dishes. The sus- 
pensions were used to inoculate the medium 
in the cups. After 16 weeks’ incubation the 
inoculum was flown to San Juan. 


Nursery Preparations. Perforated 8 X 15- 
cm plastic bags were filled with a 1:1 mix- 
ture of peat moss and vermiculite that had 
been moistened and then sterilized with 
methyl bromide. One seed of Pinus caribaea 
was planted in each bag. The seedlings 
were grown in a partially shaded nursery 
for 4 months during which they were 
watered and lightly fertilized with 9-10-S 
NPK. They were then sampled and found 
to be free of mycorrhizae. 


Inoculations. The seedlings were divided 
into a randomized design of groups with 18 
each. Each group was established with the 
following seven treatments: control (no 
inoculum, no fertilizer), fertilizer (9-10-5 
NPK) only, Cenococcum graniforme my- 
celium, Corticium bicolor mycelium, Rhizo- 
pogon roseolus mycelium, Suillus cothur- 
natus mycelium, and natural inoculum 
(nursery soil containing mycorrhizal fungi). 

For the pure culture inoculations one 
cup of inoculum was used for each two 
seedlings. The plastic bags were split and 
inoculum placed against the exposed roots; 
then the bag was closed and slipped into a 


TABLE 1. Average heights of 10 Pinus 
caribaea seedlings per treatment in the field 
experiments near Humacao, Puerto Rico. 
Measurements were from cotyledonary scars 
to shoot apices." 

(In centimeters) 


Age in weeks 
from germination 


Treatment 18 28 40 
Suillus cothurnatus 5.8 11.2 13.3 
Rhizopogon roseolus 4.5 10.0 11.4 
Corticium bicolor 7.2 8.3 11.4 
Natural inoculum S4 8.1 12.4 
Fertilizer only 5.7 7.3 8.8 
Control 6.9 8.7 8.8 


“No statistical analysis was made because, 
many seedlings had been topped by grazing 
cattle. 


500-ml paper cup. The natural inoculum 
was soil dug from around Caribbean pines 
with established mycorrhizae; a small hand- 
ful was used for each seedling, as above. 
This method is common in nurseries in 
Puerto Rico. Uninoculated controls and 
uninoculated but fertilized seedlings were 
kept separate from those that were inocu- 
lated. Fertilizer (9-10-5) was applied to 
a group of the latter every 3 weeks. 


The Field Study and Its Results 


In early November 1965, seedlings were 
outplanted on a sandy loam soil on a grassy, 
gentle north slope near Humacao. Average 
yearly rainfall for the area is 90 to 100 
inches. 

The seedlings were planted according to 
the inoculation design. Each plot was 
5x5 m, with an empty plot between to 
isolate treatments. Seedlings were spaced 
one meter apart. Personnel at the Institute 
of Tropical Forestry watered and weeded 
the area as necessary. Weeding was a big 
problem due to rapid growth of grass (12 
to 15 cm per week). 

Ten seedlings from each treatment were 
measured from the cotyledonary scars to 
shoot apex (Table 1). Seedlings with 
mycorrhizae were consistently taller than 
those without. Approximately 75 percent 
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TABLE 2. Average heights of Pinus caribaea seedlings in the nursery experiments in 
Rio Piedras, Puerto Rico. Measurements were from cotyledonary scars to shoot apices. 
(In centimeters) 


Age in weeks from germination 


Treatment 18 23 28 34 38 43 
Suillus cothurnatus T9 8.6 11.9 20.6 25.9 32.0 
Rhizopogon roseolus re d 8.6 12.6 22.2 26.8 34.9 
Cenococecum graniforme 8.4 8.1 12.0 21.1 27.2 31.7 
Corticium bicolor 8.5 9,9 17.3 30.3 39.3 44.8 
Natural inoculum 719 9.0 11.1 18.2 23.4 32.3 
Fertilizer only 7.4 8.6 10.1 15.0 25.4 29.3 
Control 8.5 9.6 12.7 19.4 23.1 26.6 


of the seedlings inoculated with pure cul- 
ture developed mycorrhizae. Success was 
about 95 percent with the natural inoculum. 
Seedlings with natural inoculum were gen- 
erally darker green and thriftier but were 
not necessarily taller than other inoculated 
seedlings. Seedlings inoculated with C. 
graniforme did not develop characteristic 
black mycorrhizae. Some light-colored 
mycorrhizae were found indicating possible 
contamination. The data on C. graniforme 
therefore were not included in the results 
shown in Table 1. 

The fertilized seedlings, like the controls, 
grew very little after being transferred from 
the nursery to the field. 

Heavy losses were sustained by vandal- 
ism and by cattle that either ate or stepped 
on many of the seedlings. Consequently, 
the experiment was terminated after 6 
months in the field. The last reliable seed- 
ling sample was obtained 22 weeks after 
inoculation. 


The Nursery Study and Its Results 


Because of the striking growth differences 
obtained in the field study, we repeated the 
experiment, using the same basic design, 
in the nursery at the Institute of Tropical 
Forestry. Seven treatments of 33 seedlings 
each were replicated three times, a total 
of 693 plants. The seedlings were watered 
three times each week or as needed. 


Height Growth and Mycorrhizal Develop- 
ment. A growth differential appeared 
within 10 weeks after inoculation (Table 
2). As in the field experiment, the pure 
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culture inoculations were about 75 percent 
effective. Seedlings that developed mycor- 
rhizae were consistently more vigorous and 
larger than nonmycorrhizal ones. 


Examinations of Roots From the Nursery. 
Seedlings were harvested and returned to 
Beltsville for examination. Except for a 
few mycorrhiza-like short roots found in 
the immediate inoculated area, Cenococcum 
graniforme failed to establish mycorrhizae. 
Otherwise, all inoculations were successful. 

Ten weeks after inoculation, another 
fungus appeared as a mycorrhiza-former in 
the Corticium bicolor treatment. Subse- 
quently, sporophores of Thelephora ter- 
restris were found. The mycorrhizae were 
grayish-white, dichotomously branched, and 
had a thin mantle. The hyphae were about 
3 » in diameter with large, abundant clamp 
connections. 

It was obvious that, by the end of the 
experiment, propagules of T. terrestris had 
spread to most of the treatments. Inocula- 
tion was probably by airborne spores since 
this fungus was fruiting in the vicinity on 
established pines. 


Isolations of Fungi From Mycorrhizae of 
Soil-Inoculated Seedlings 


Most of the mycorrhizae that develop after 
soil inoculations on Pinus caribaea in 
Puerto Rico are grayish-white or light tan. 
No black Cenococcum graniforme types 
were found in soil inoculations. The only 
mycorrhizal fungus found sporulating was 
Thelephora terrestris. Although positive 
identification by mycelial characteristics 


would be difficult with this information, 
isolations were attempted from the naturally 
occurring mycorrhizae to determine how 
wide a spectrum of mycelial types were in- 
volved. 

Mycorrhizae from year-old P. caribaea 
seedlings that had been treated with soil 
inoculum were excised, washed in tap 
water, disinfected 10 to 20 min in a 20- 
percent aqueous solution of sodium hypo- 
chlorite, rinsed in sterile water, and trans- 
ferred onto Hagem agar slants. 

Of the 75 attempted isolations, two de- 
veloped nonsporulating mycelial forms. One 
was creamy white and formed a fluffy, 
slow-growing colony. The other formed 
dark brown, loose, but somewhat appressed 
colonies and also grew slowly. Neither 
isolate had clamp connections. Hyphae of 
the brown fungus were 3 p in diameter; the 
white hyphae ranged from 2 to 3 m in diam- 
eter. Macroscopically, the fungus resembled 
Thelephora terrestris, but it grew rapidly on 
agar, and lacked the abundant clamp con- 
nections associated with T. terrestris. Sev- 
eral conidial fungi appeared, but they were 
discarded. T. terrestris was not isolated 
in these attempts. 


Axenic Syntheses 


The two nonsporulating fungi were subcul- 
tured and preserved for attempts to syn- 
thesize mycorrhizae on P. caribaea in axenic 
culture. 

Seeds of P. caribaea were soaked for 3 
min in 100 ppm mercuric chloride, washed 
with sterile water, and germinated on water 
agar. The seedlings were transferred to liter 
flasks containing 500 cc of 3:1 peat moss 
and vermiculite mixture previously moist- 
ened with 500 ml nutrient solution, and 
sterilized at 121° C for 30 min. (Hacskaylo 
1953, Marx and Zak 1965). Six weeks 
later a 1-cm? piece of mycelia was trans- 
ferred to each flask. Ten flasks were inocu- 
lated with each of the two isolates from 
mycorrhizae of Pinus caribaea from Puerto 
Rico, and each of the four isolates used in 
the pure culture soil inoculations in Puerto 
Rico. Ten flasks were left uninoculated as 
controls. After inoculation, the flasks were 
placed in water baths in the greenhouse for 


an additional 3 months. The seedlings were 
then removed and examined for formation 
of mycorrhizae. 

All fungi used in pure culture inocula- 
tions formed mycorrhizae with P. caribaea 
in the greenhouse under axenic conditions. 

The white isolate from the mycorrhizae 
of P. caribaea occurring naturally in Puerto 
Rico did not form mycorrhizae in axenic 
culture, but often formed a collar around 
the seedling. The hyphae grew on and 
around short roots, but did not penetrate 
the root. 

The brown isolate grew well in the sub- 
strate and formed mycorrhizae with P. 
caribaea, The mycorrhizae were often 
dichotomously branched. The mantles were 
variable in thickness, ranging up to 60 pm, 
with the loose hyphae radiating from the 
surface. The contiguous Hartig net ex- 
tended three cortical cell layers deep. 


Discussion 


By varying techniques used by Moser 
(1958) for growing mycorrhizal fungi on a 
peat moss-vermiculite substrate, we pro- 
duced inoculum in polypropylene cups. The 
pure cultures thus established could be 
readily transported. 

The techniques used for establishing the 
seedlings in plastic bags of soil and in- 
serting the fungus against the roots were 
successful in inoculating with mycorrhizal 
fungi. The seedlings should be transplanted 
to the bags soon after the cotyledons ex- 
pand. Then, if the bag is split when the 
pure culture inoculum is later introduced, 
the roots remain relatively undisturbed. 

The rate of mycorrhizal development on 
seedlings inoculated with mycorrhizal fungi 
varied, and not all seedlings developed 
mycorrhizae. As a mycorrhizal fungus be- 
came established on the roots, however, the 
shoots became darker green and grew 
faster. The uninoculated, unfertilized, and 
fertilized but uninoculated seedlings never 
showed signs of vigorous growth in the 
field. They remained free of mycorrhizal 
infection, and were stunted and chlorotic. 
The addition of fertilizer did not overcome 
the lack of mycorrhizae. 

Inoculations in the nursery generally sup- 
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ported the data from the field study, but 
the seedlings in the nursery developed more 
uniformly and inoculated seedlings showed 
more mycorrhizal formation than those in 
the field study. More favorable soil mois- 
ture conditions no doubt increased the suc- 
cess of inoculation and also promoted 
growth of uninoculated seedlings within 
limits. The most striking result of this ex- 
periment was the rapid growth of the seed- 
lings inoculated with Corticium bicolor; 
the fungus spread rapidly and formed 
mycorrhizae. However, the appearance of 
a sporophore of Thelephora terrestris in the 
plot with the development of mycorrhizae 
morphologically typical of this fungus 
makes interpretation of these results diffi- 
cult, 

In addition to mycorrhizal syntheses, 
there were new mycological and ecological 
implications. Rhizopogon roseolus came 
from Sweden (latitudes 55°N to 69°N) 
and Corticium bicolor from Finland (lati- 
tudes 60°N to 70°N). These fungi are 
common mycorrhiza-formers on pine and 
spruce in Scandinavian forests where large 
amounts of raw humus accumulate (Melin 
1927, Mikola and Laiho 1962, Mikola 
1962). In tropical Puerto Rico, latitude 
18°N, rapid litter decomposition prevents 
accumulations of raw humus; nevertheless, 
R. roseolus and C. bicolor formed mycor- 
rhizae readily. 

Of the mycorrhizal fungi, Thelephora 
terrestris has most commonly produced 
sporophores in Puerto Rico. The fungus 
was introduced in soil from the United 
States and apparently has spread readily, 
probably through mycelial growth in the 
soil, and spore dissemination. Frequent ap- 
pearance of T. terrestris in the nursery plot 
indicates that it is being spread by airborne 
spores. 

One of the unexpected results of our 
studies was the complete failure of Cenococ- 
cum graniforme to colonize the roots of 
Pinus caribaea. The fungus is distributed 
over a large part of the northern hemisphere 
where ectomycorrhizal tree species are 
found. In the single report from Puerto 
Rico, Trappe (1964) stated that C. grani- 
forme was associated with mycorrhizae re- 
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sulting from the introduction of soil in- 
oculum, but among hundreds of functional 
mycorrhizae formed by other fungi, he 
found only one dead mycorrhiza formed 
with C. graniforme. Certainly the fungus 
has been amply introduced in soil inocula, 
but thus far it has not been a successful 
mycorrhiza-former in Puerto Rico. 

Because of the possibility of mycorrhizal 
fungi inhibiting growth of other micro- 
organisms including pathogens (Marx and 
Davey 1967), the controls, fertilized seed- 
lings, and uninfected, inoculated seedlings 
were studied anatomically. No evidence of 
pathogenesis or mycorrhizal formation was 
found in the roots of these plants. Although 
the bases of fleshy tipped roots were brown 
and suberized, they appeared to be normal. 
Except for a sometimes irregular shape of 
the roots, no anatomical anomalies were 
visible. 

Development of mycorrhizae in axenic 
cultures could be correlated with field and 
nursery syntheses. In all inoculations, 
mycorrhizae of Suillus cothurnatus de- 
veloped only near the point of inoculation. 
The mycelium of Rhizopogon roseolus 
spread to a greater extent and formed 
mycorrhizae wherever contact with roots 
occurred, and Corticium bicolor was a very 
vigorous former. 

Although this study has resulted in suc- 
cessful establishment of mycorrhizae on P. 
caribaea with pure cultures of three mycor- 
rhizal fungi, our observations invite further 
investigation. The results of more mycor- 
rhizal research in Puerto Rico could be very 
rewarding, if it is pursued vigorously before 
colonization of the island by introduced 
mycorrhizal fungi. 
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